; e3eB>>?4@oA | B6BTB[ e : PROCESS FOR PREPARATI ON OF FUELS AND LURES IN A
SI'NGLE | NTEGRATED HYDROCRACKI NG SYSTEM FI ELD OF THE | NVE

invention relates to a process for the production of fue”mmmq,mml W"Matl ng
base oils, and, nore particularly, it relates to processes fQqj,

production of a full range of lubricating oils including hlgh V|5005|ty

base stocks andRDCHESFORGPREPARNIION OF FUELUSARD NUBESaNes SmALecr acki ng
system 10 BACKGROUND Hydrocracking a refinery streamto produce both fuels

and |ubricating oil prodNJESRATED FIYRRQAGRAGKING B¥STEMti ng obj ecti ves.
Fuel s hydrocracking, 15 particularly involving hydrocracking a feedstock
boili ng above the boiling range of the desired fuel, ains to crack a
substantial portion of the refflBEBYOF SEESHNYENTION i s desirable to reduce
the nol ecyl ar weight of virtually all of the refinery streamif possible,

wi th substantial portion of the cracked products preferabll%/J boiling in the
range of t he Thisdnyeswion ielptes)to alﬁﬁo%ﬁﬁﬁtf?h@? Predyction ghfuetspandiuprieatinds t r eam
sui tabl e for pyseoi) ahd er%fé .méﬂmlrs@tésng p%éeseés)mmﬁe Pbbdt]bfﬁgrp@fré’wk' ng
boils in the range of esired lTubricating oil produc or at a slightly
hi gher terrpefid'tfaﬁ@e Of-lybf"@ﬁi'ﬁﬁélk’is ingludingohvigh viskesitydiassitosks@ndonponent s of t he
refinery str i ing oil product,
al ong with he eroaagﬁg?dr ilaﬁées' %x}ﬁt%g'la? ewr%é{}g inggg%%@ hi gher 25 boiling
conponenti@ behind for inclusion with the tube product. The presence of sone
hydr ocracki ng reacti on products | Mati ng oil range are
acceptable, so long as they do not e in any lubricating oil
product fraction, and thereby unacceptably reduce the viscosity index of
the | ubricat| Q r i % bdqeea) f ing both
fuels and lu ?laré)aHCr@g(?)éljfféq;I eg}ﬁct fao?m a sPr%W&%’?%d%%e ﬁ%r ocracki ng
system are optqdnmtz;e@lafpcb@casraéwawg@onﬁlcwmmmtlvew Frelstiydmospeking, es and yi el d
of the sggon S sed on the
ystom L5y BaikBRnp inyBRRFurciiadhs Rkt B gbte BRARAST I L
severity for rmgedlfd:hmges‘u@dlfeel anaystalcmkraamdasmdtlabpwmam pﬁtjpeaeflnwoduct
stream Howeyer,, the lubri.c rod recover n.thi pe of
hydr ocr acki niedsiobRntt i SeRBle o P AIF GRSty BL 8L ang
often by a vmﬁyuefyi gleam rfpossutbly, wittdsubstdritiat poitisn bftHeIc&acEHeelmrbdxhdtty in5 the
type of |ubricat oLl duct d. Furthernore to a fuels
hydr ocr acker P Wg Blg b(?f"&@ll’é Cane $8ﬂ€‘ qeeﬁggdﬁ?ﬁ(ghglﬁ qoé’H@’éttgt?'fj‘é%lycle st eps
bef or e bed ngrdfinegvticach sMﬁabIeeror egemt @epairacK iudgcathy ¢l prodéctdye accept abl e
det ri nent | upe pro ertles

for fuels, eat ..operations e |t

o desi bl oMo abEna BpIoBabs e o Mtiey WRiUYs of SOBXt Y ghSqual Ty
fuel s 10 whi bl@;hﬂ"ﬁlh@wér wnﬁtﬂarétﬁlﬁé fﬂiﬁdﬁ—bbﬂabkahg rérﬁbvéseﬂm@%wwmhbe desired
product properties for_ |ubrjcating oil products) recovered fromthe

process. Met ﬁ‘BHBOQﬁ“ti)PUHG(E‘? gnhiggRne whiGh 3re nobdesitakla fop e WBHeatRg!

hydr ocr acker oipgiddb® alohy HitheRileBhichE Whfle iéévi?{ghﬁé %osTB@snfafb’?é Righer OCeSS i s,
however, 15 directed to an integrated process for production of both fuels

and | ube2%i | bejlirgiermronantssoetnad for igelusiprogith hedubxweasust. an PigiSgR¢Dses a

t
G Sttt ond e fydbiraghing adcnd pldddets f 1] Bbligr aitalag el | ar ot Feat ed
to renove i npeasptabis sotlermantiey dornet kertlonThatein ghy luhyicatingeilbiyrdudr eat ed by
cracki ng ar eqf hon 5#&*&\@?&@9\%&?@5@ réclh?cte'tﬁé'ws@ggg dﬂ(g%}l(?ﬁgQVe”ed oil is

passed to a second vacuum on unit to pr The renmai ni ng
mat eri al i s Wwhdcatingojigiredidt.o t he hydrocracker. WO 97118278 (Bixel et al)

al so di sgloses a nethod for producing feedstocks 25 of high quality tube
base oil “fromunconverted oil of a fuels hydrocracker operating In recycle
node. A vacuGomdirgibhallméthods wnbtodusmgrudtmm arad lubnicatpgfailgobdwnat i on.  Any
of the fractj onsfr mthe uumd| I@@&lon uni t By be 30trec cled to

t he hydrotre @S'Bﬁséféagfﬁ Wgr?ﬁ? ar%pptérgﬁ{a lf?foaﬂ? RCUnit. The

ﬁ ufj s fr omkt hprodactywith mespngbéaibs and gmld ?haedeﬁ@td type o€ prodduetbding t he )
Yy I OCr acker oes not | sclose t necessit Operatl ng t he
O T e it b torltistaa sRp (s o1 (161 3yt ErSiie el ot ch Pave. - 2
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t he appropriate hydrogen content to obtain subsequently dewaxed basest ocks
having a VI of at |least 115, as does Bixel et al. US. Pat. No. 5,985,132
(Hoehn et al) discloses a nmethod for producing tube 5 bl endi ng stocks by
enpl oyi ng a tubes hydrocracker rather than a fuels hydrocracker, as used in
the instant invention. A tubes hydrocracker enploys a conversion |evel or

| ess than 30%ydnecrackdr] Sperafedtdt fighf dviRfytfosSproBadihg fuck, nesf lyo hav@yed from
the first hydrocracking zone to produce tube bl ending stocks. Another

portion of tHEDEFalNg&Predyct skearnoowayer ithe UbAGRNGMLRIRAVY reePverite | s
directly intriaquseghe &tr@dﬁ)&m{bdsc}@@ﬁ RGN haPAtteicdtyU 1wnt er nedi at e
separation, and is cracked to produced fuels. 'In_the instant invention the
ef fl uent fronviseesity pnd oftery By @piesy bighivirgosibhiadess Seeretis litila flaxibiitypReri ¢

separati org z . ﬁw(ﬁgg i j on provides
a pr ocessrbf o?ﬂﬁ%pr]eg%r acki ﬁgg gfpgﬁﬁ{ewﬁggéﬁ#@ger@rbg%%%d 'f°3ééﬁ§?§ i ncl udi ng
napht ha, ker osinecracker diaydes craakdd nurhelogs tiiastthionigh gepdated tesyclbistépsy t o
recover one re..hi i . j i i | r e process
Furthor provi e fsafRn WhiedBbbsgl Pty orsaRig e bbfdma

product s havifogfueispsdeh repegtedaipevatins sré dekineamta\io sbegirbgertiesli t&ss. Thus, an

obj ective of the present inventiqQn is.to oduce a hi.gh Lty tube 25
Frhacti on f oA rPRES PAyaPatsaisk o Pranbind PoBes pOLIS TG sl s ey

i nventi om0 s wislephamtaising tHeidxibikinfer selecting ehesdesirethrrodut prapevtiedefoni scosity
range and a V\/I de vi scgsi t@/%hndex rang?, froma fuels hydrocracker. Another
obj ective of PW&%P%Q Riodyct(shersyered friogn %‘Pcﬂ??‘c‘fésa hi gh viscosity index
tube stream froma fuels hydrocracker. 30 This invention illustrates an

i ntegrated process for producing both fuels and lubricating oil products
from a si ngl eetheds Phrredusipg hishraalitydube fractian frefp fuals pydraci@skemi gh yi el ds
of high qual igoftofélave d@&h'a@teﬁfé‘téﬂ@*@fh@%.ﬁt?é‘h?ﬂah} bdock& is- Rowevtl! €cting the

desired product properties for the lubricating oil products recovered from

the procelds, digsisditsiangnteaeated pipsess for giodistiemet beih fuels padiiubetyiidr ocar bon
feedstock wi t&om&gog%! F‘%‘fﬁ(l%gjr,é d 242 ?(r\)%ﬂ é éﬂ?%i?&ﬁ@%régﬁﬂfcggé faiigh 19 zone

whi ch may be ‘operated at eit ydrotreating racki ng conditions,
whi ch i s operant@mhospherimégsidueisdiefilfeddn iafisst vacuemoligiliatigruviit fogwodusst ai ned i n
t he feedstoc jeld. H\S f - LAl 0 e i gui d
fraction; lok%\fécglgﬁa%a ?'ﬁ\g/émetrﬁgr\;r%(ﬁﬁg;ﬁwq%%%wlrt&a%[ni?%‘)r% '%H"%{S}ﬁgﬁ I rst

ef fl uent by Hodtaonarkedi Mhedighigeydracaybeisdcrasateddystrackig aretthémbernovedi ng oi |
product, first | pr ct _and ottom fractiqn; c) contacting at |east
B bort1 oot lstfon, A RAE boditeen 81 BssRA T s e vARE

hydr ocr acki ngligitiaioroyeét atpeddwde labexdi Theresnaihihg ohatedaltiothendeoetalcty t he
bottom fracti @n (%{o 'yi FI d a second effluent; d) separating the second

ef fl uent by 6"”1}’ 8C5'8 St range to yield an overhead stream and a recycle
stream and (e)recycling the recycle 20 streamto the hydrocracki ng zone.
In the present invention, | ubricatipng oil product is separated fromthe
ef f I uent of A/R'Qﬁilﬁ%ﬁ&@ siPlL e disslcen 2 agihee I pepdiicig eedsiacksr

hydr ot r eglsi NGfAlgh quality lube base oil from unconverted oil of a fuels hydrocracker

operating

In recycle mode. A vacuum distillation unit is employed following
fractionation. Any of the fractions from the vacuum distillation unit may be
30 recycled to the hydrotreater, passed to the hydrocracker, or sent to an FCC
unit. The cuts from the vacuum distillation unit need not be recycled to the
hydrocracker. Kwon et al does not disclose the necessity of operating the

fuels hydrocracker to produce waxy fuels hydrocracker bottoms which have



hydrocracki ng conditions. This zone is operated at conditions presel ected
to 25 achieve a lubricating oil product having the desired properties.
Portions of the effluent not recovered for tubes is then hydrocracked in a
hydr ocracki ng zone to produce fuel boiling range products at high yields.
SUMVARY OF THE DRAW NG 30 The Figure illustrates a preferred enbodi nent of
the integrat ethd aspropiiste dytirgeh tonfens toedbtainsubsdubhtly. BBwRkSH R SEbtddks OF THE
| NVENTI ON Feedstpck\@ In the greferred quoginent shown in the Figure, a

li quid hydr oc&P¥BE W&t iragt 313 as R &X&26 @k t h hydrogen 4 over a catal yst
in a hydroprocessing zone 6 contained within first reactor vessel 8. A
suitable liquid hydrocarbon feedstock is a VGO boilin a tenperature

in
range above abb8tPa#lobp. §.9863p2 (Heehn elalfiselpses deathoghior aradusingduwkpe of
500- 1100F &0 . m LT GiR s, which are
liquid at énbiﬁ)e%%tglrglgs:{g%ktsi By Emb iy o 'gﬁﬁhﬁﬁéﬁé?a%fﬁ%‘ﬂ’é?@%ﬁﬁ‘??'%, whi ch may
be used in théyiiestagher, agwsad irothe indantinventipap dvlubesehydiaeracker emplexsgen and
sul fur, which v/ i : } j en

Tpur i 66 pr Ssnye SR e CRBGAETS! R T BLARPT or esent
as organoni t r dgectlycenpuaddom the fissthydtoscrapkirgt zenettb produicp fuhe iSahdiog

inpurities are, al so,gener al I. sent . FE Al i evel ni trogen
and sul fur, i ﬁackﬁi ﬁ‘aoq‘ﬁ{)g%ﬂ%ﬁﬁf @\en‘?ﬁ‘be’\ﬁgﬁgimgf"gbm@o}? %‘a@&r%ﬁréﬂ@'ﬁ% ni t rogen
ﬁgd up t0f10 \é\t%ealf(ﬂidﬁcg%Eﬂroﬁubéh@mad@yemdthyidmcﬁdcﬁiﬁg tdre \am?qmtejselnt pr o::less.
wever, feedstocks which are hi i n asphal t enes, an al s w usual |y
oqui re some. RtAmHAEsEbn alion arin ok b BoSe BB treBeli oper ati on.
before they aifvehtior el ident frafthasirst hyaRpsdceeking 2bné Pasdusdb@pr ocessi ng
process step. A suitable |iquid hydrocarbon feedstock, contains |ess than

about 500 ppnPHEYIAefieseRaraHPRIYIAbI y | ess than about 25 200 ppm

asphal tenes, and nore preferably | ess than about 100 ppm asphal t enes.
Exanpl es of such Iiquid hydrocarbon feedstocks include |ight gas oil, heavy
gas oi |, V&cuum gas oil, straPdMMARY QFEHEINVENIIQNha ted oi |, and the

| i ke. The process of the invention is also useful for upgrading oil and/or
wax produced H synthetic fuela@grocess as a Fischer-Tropsch 30

a . uch
process. The IRﬁlE?f SR, (v BRUGNRYARViARS A S RE8S Al YHERAEAEking 2 FRTeBsEFM e g. by

hydr ot r eat i ngjo prodate fueld, RRIUSIRSRAPhtRY, ReRSsenk @nt QBseefuel, whilbst anti al |y
elimnate its heteroatom netal or aromatic content. The |iquid hydrocarbon

f eedst ock nay”‘é’l"ﬁ%'“lﬁgrfb? f'@’éb'ﬂ'ﬁ/é%?@vébﬁ%%’ﬂpé‘? h'QB.quaWéHtﬁﬁﬁmg'éi ng Zone
Wil e thexdirpioduBRE)! AheRosds flrther TOANES e flehBilfty B bfepRfatndfngl e react or
vessel, nmultiple vessels in series flow are al so contenpl ated as being
within 5 the Bbgpatingroikpredus bavinga widn sangerfyiscosities pag viseertys cont ai ned
in first reach,g[ceg_essel 8 may contain one or nore |ayers of hydroconversion
catal yst, eac ayer intended for either hydrotreating or hydrocracking
reactions. Hydrotreating catal ysts and hydrocrqcki ng catal ysts generally
are differenti ; o d 13 t.al ; ' et er oat ons
fromthe 10 fg@dﬁ%ﬁ‘?ﬁﬁ%@%Bgﬂeaﬁr%ergﬁ’?‘{eﬁﬁ?’?%itta.”\ég‘}e”r?feg{féf?@?ﬁg%@tgg’é’% and for
cracki ng 2he frectibntfoark a fuels iydiogtpcker. AAmshercabijentivewef thiet present invientionf t he

f eedst ock. Typi.cal d j Lons_jnclu i r.oat ons
such as sul fugtéﬁﬁo J?nél{?%gﬁgﬁeﬁﬁb%gﬁ’b’bg%grg%"r@?a?\}s?rp%o‘?\'ggivﬁgggw{gﬁﬂggbggd, and
sat urati ng ol efdendscosidy adereanges froirt a fuelplaydroaratiar! YAndter objelctive of r enove
multi-ring argmatic terj.al s 15 during.hydrotreatin a the'y are
particul arly BEESTd MEONTNE QPEOHHGE MRS stERdey be imthioRd, m gne
contact. A nefelyleydedcracketki ng conversion may al so occur) depending on the
severity &51 the hydrotreating conditions. Typical hydrocracking functions
i ncl ude, addition to some or all of the reactions associated with

hydr ot r eat i ngThieIiA&ntion ileRetes @RStedfatad progssH for prodiibing Bdkiafuels and
lubricating oil products from a single integrated hydrocracking system, which

produces high yields of high quality fuels, while maintaining flexibility for



20 wei ght and boiling point reduction and nol ecul ar rearrangenent. Catal yst
Hydrotreating catal ysts, which are designed for renoving heteroatons and 25
saturation reactions, will typically conprise a hydrogenation component
supported on a porous refractory base such as alum na. Exanple
hydrotreati ng catal ysts include a hydrogenati on conponent supported on
substrate conpsle&inghé idesitat praldudh piaperi@Qfor Melubtitdtingi ol RodeddaTbi nat i ons
thereof. Typically such hydrotreating catal ysts at[e presul fided. 30
Hydr ocr acki ngreCayéeey drom iedirosessoFonpising thesierRSe% i on zone are al so wel |
known. In general, the hydrocracking catal yst conprises a cracking
conmponent and a hydrogenati on conponent on an oxi de support material or
bi nder. The cr a@kigaptaciingariaHid hvgyosanoniigedstaciawilh hidieger oxekd fitst conponent
and/ or a zgeolite, - () ; zeolite,
or a -6 Zfséeal um n%?%%tﬁgﬁygg&%géﬁ égﬁgwé‘@r'ﬂﬁ%ﬁg% ré?é% %fgé'bé‘%?rponent IS
sili ca-al um na. THydmstehatipe eahydmcrackipocenditions, whichdatopksaded particles is
sel ected fromthos : [0} ' ' tion
sotivity. A1 eastconishERRRbRs 8ol RS CoriaBluth e BUGHORETE" | Plpac
Not at i on) el enent yicldd/fost dffiant cortaiBirgug ndimally URKG fidatiab;i on) el enents are
generally chosen. G oup V elenents include chrom um nolybdenum and
tungsten. Goup VIII elenents include iron, cobalt) nickel, ruthenium
rhodi um @&l | adbyrsepasatingithe hoinehliyiqdid fractiopframi thatfirst Effticatibybbiting of
hydr ogenati on conponents) jn.the catalys uitably ra fromabout 0.5%to
about 10% by wei gHtoyfa eo<9 '?}HPFFer?éf%%fsilﬁﬁﬂsﬂmépfaﬁggf?mﬁf ut 5%to
about 25% by wei glgro@ict @h@@bodoniactionconponent (s), cal cul ated as netal
oxi des) per 100 parts by weight of total catal yst, where the percentages by
wei ght are based on the weight of the 15 catal yst before sulfiding. The
hydrogenation cg ReftiAg hhlehBea p&ish ¥BineBotoReradliohMitnox séidghgand/ or the
sul phidic form 1f a cor_r%l nation of at least a Goup VI and a G oup VIII
metal conPonent i Fatlestdha hydrocracking)zopgiogerated at ¢gnditiops effggljvedped to a
sulfiding treat meryqRid & the pBitGAGTacksR, tb il d5BEs RNt Sultably, the
catal yst conprises one or nore conponents of nickel and/or 20 cobalt and
one or nore conponents of nol ybdenum and/or tungsten or one or nore
conponents of p i . | 2] i ] Pl ni ckel and
nmol ybdenum ni cbgltsegﬁl(?"ﬁ g%és)%%cﬁ%&ﬂgh“gmn%h@é %‘?'}]E'ﬁ%@gg?g%d;%e particularly
preferred. 25 The dwertheadrséreRimandatadyygletstrpan aod éa)renydliny/ttiesecyet | ng
cat al yst rticles,of this inventipn nmay be prepared by bl ending, or
co-nul i n%)a acti vétrSSWrt&’éée h¥&lrﬁ§@f;@8%58¥?‘on netals with a binder. Exanples
of suitable binders include silica, alumna, clays, zirconia, titania,
magnesi a and siJica-alumna. Preference .S qgiven to t use,of alum na as
b nder . - ner Mk BsERt Bverdioe R RERT ol GeBbdi sthupRE R e A o
to tail or theofcatyalrysrbcgssing :;dn@swhia;hbrﬁa;dacs'them\tamtljfiit(.’aef]I hmcétré’étmghiregded
conponents are then shaped,. such as .extrusi on, drj.ed an al cjned to
o ofucet he. ARG UR PO g1 24 ORpreli B acpEiioRy BiRelokt Bab o
met hods of5 prapaivenpiubheatingilphiedisct faving Y ddwetiprbRstiéd CPotiendbeBar i ng
oxi de binder particles, such as by extrusion, drying 7 .

effluent not recovered for lubés is then hydrocracked in"a Aydrocracking zone

to produce fuel boiling range products at high yields.

SUMMARY OF THE DRAWING

30
The Figure illustrates a preferred embodiment of the integrated fuel

hydrocracking system.



and cal cining) foll owed by depositing the hydrogenation netals on the oxide
particles, using nethods such as inpregnation. The catal yst particles,

cont ai ning the hydrogenation netals, are then further dried and cal ci ned
prior to use as a catalyst. 5 The hydroprocessi ng zone may be one of a
nunber of possible configurations. The zone may reside in one or nultiple
reactor vessels, each pATAREEBESCHRIFTIINOFTHEINVENMORN t he ot her vessel s.
The zone may conpri se one or nore catalyst beds, each containing one or
nore catal ysts. The 10 hydroprocessi ng zone may contain only hydrotreating
catal yst, or hydrocracki ng catal yst Feedstaciconbi nati on of the two. The
hydrotreating catal yst particles and the hydrocracking catal yst particles
may be bl ended in a physical mxture in a single catal yst bed.

Al t er nat iSvellp the preferratr @mbedimentshurainybe Figare,iacliqssd oggredcr acki ng

catal yst pargd}j AR AT i I . 0 particles,
each | ayer if%éﬁt(g‘ﬁ(?%ocn%ﬁ é::b:\fvlﬂgr@@mg%&hﬁég?g?eéﬂs,%mtélgﬁrrgélg)\réag%@@e and, if
present) theonayeronbshedwithia firstfreactoreessal@r A shitabte libiid hydeocagwnon, it wil |
be cl ear that e hydr cessi.ng .zone may contain 100% hydrotreating

catal yst par F?‘ge%ﬁ(,'¥f0\8@£)ﬂ§9§|ngd?géﬁrinﬁﬁra&{¥a{?(}%%glb%?’l’et‘? cﬂuls, or any

combi nat i on gY0°F (EBO°GY. usdBINRRMGH tigntepipdatutormgé e 5091 P0U°pcessi ng zone 6
is operated in the instant invention at conditions effective to renove the
i mpuritil®s d8R-8P3E- iThettaen figyjdirefers taryeercamirnsswhish @se HaWd aReact i on

condi tions ié??ﬁigﬁé%ﬁft@ﬁé.eati ng/ hydr ocracki ng zone 6 are considered to be
conventional for fuels hydrotreating and hydrocracki ng. Suitable reaction
conditions include a reaction tenperature between about 250C and about 500C
(482-932F), t - A -3 500 psi),
and a feed raegﬁlf' \%ﬁ@rﬁé&gﬁrﬁggﬁ%@gk'g%%l 'y“s? b%a% légdg#oezu'P %@?' tr @]gﬂgfﬁboglm 0.1to
about 20 hr'contdirdy iogenties swahl @ mitrtogeraams salfue, \geink aed temovedtiméha ange from
about 3 std liters H2l ol to 1780.std liters H2l kg, oil 310- 11, 750
2t andar dScuBVErdpLEeSaER sih  irpbSpda aitRb gl v bR TR gSRiacaRel | ange rrom
about 340C tf@ecﬁ;lwtskf taré@E@I(}ﬁﬁé?}&ﬁwﬁaorg@_ogitrdﬁeggcbgﬁmﬁnﬂ@,&iﬂgn’goel&tsg [ 8n i
pressures range from about .MPa .1 0 abouyt : a \ - 3, psi).
Wth the prFeatPeianJiRRI-aOHlurdnoELgS gre q']:%i’sg%beéﬂlyf‘?fﬁig@tt %&?S%Wg'f‘erred
process condiigh IRGSIs loRfiltéglen andsakdr MGludingathbsd eohtaihRpRUs! toaks Widsh hydr ogen
under hydrocrackj ng conditions coenz*orio ing a b erssure of about 13.8 MPa to
about 20.7 N3 NENBOGIRGeD 39iip, 102 Wisk ang hisher Pl cheiseslediblie 379- 000
std liteps %é&é Bidceb<: ABReGerORRdsHELDPRhIch afe highFY a8hhdiehue aRd about

0.5-1.5 hr ~, and a tenperature in the range of 360C. to 427C (680-800F) 10
Fi rst Separ dp¢tals wihHaually require some kind of prior treatment, such asin a

hydrotreating operation, before they are suitable for use as a feedstock for the
hydroprocessing process step. A suitable liquid hydrocarbon feedstock,
contains less than about 500 ppm asphaltenes, preferably less than about
25 200 ppm asphaltenes, and more preferably less than about 100 ppm
asphaltenes. Examples of such liquid hydrocarbon feedstocks include light
gas oil, heavy gas oil, vacuum gas oil, straight run gas oil, deasphalted oll,
and the like. The process of the invention is also useful for upgrading oil
and/or wax produced in a synthetic fuels process such as a Fischer-Tropsch
30 process. The liquid hydrocarbon feedstock may have been processed, e.g.
by hydrotreating, prior to the present process to reduce or substantially
eliminate its heteroatom, metal or aromatic content. The liquid hydrocarbon

feedstock may also comprise recycle components.



Effluent 10 containing a normally liquid fraction is recovered from
hydr opr ocessi ng zone 6, and at least the normally liquid fraction is
separated into two or nore streans differentiated by boiling point. Details
of the system 15 of separation zones are generally dictated by | ocal

requi renents. In general, the separation system of zones includes one or
nore single stage separation zoneydfdppdcesbmyPonef or renovi ng hydrogen and

| i ght gases, for purifying the recovered hydrogen prior to recycle or reuse
el sewhere and for producing a normally liquid fraction for distillation. In
t he pref errededimbfirehteaictdrueﬂ;seﬂiBéﬂstﬁﬂvriintheéigiirgasa,simgianeamtoralI of the
normally liquid fLactL an of Eﬁe effltfent 10I fron%th? thg gjproc SI ng zone

i s separated Y§$SE émgtf FEFECH BSPIPArPYATE BP0 MY SRR A 1% rbressure

separati ons, mebscap@bemte iMEMbAL Thahydopressing izoné 6moamdansmar ations or
a conbi nati on nma d. The separation stem.shown in the preferred
abodi mont - of "SPHIPT VPRI B TG OB OGS FHEH O T DpHP RSt 15
operated at ngsdhaiénin@RBéERir eRth Fétredifitlg dr WpdrabracRingaeadtions. zone 20,
operated at sub-ambient pressure. Such distillation colums are well-known

inthe art, afiydrigleating ‘Faé%fﬁ‘f’tﬁé‘“gi‘b’@%f%'“@)@ﬁ‘ltadﬁé? PERERUY @€ Fi r st separati on

zone 12 Separ@iﬁél%nﬁatfetirb?tthé r&hnt%ﬁﬁé%@)ysmrfrérﬁam@ hefefroaaﬁwssidnem@ 14 and a
heavy fraction . Fuel "product’s) may include nore 30 than one stream

(e.g. a nbfbhtﬁgﬂg@meﬁ@egr@me&ﬂiur.a"imqu@dé@r@wg@m r%ﬁpr gragkisgdhe st r eam
and/or a md i t |

requi rement s(#o?d%'ﬁélE ré%l%'@rﬁ Jﬁ@i&u@ﬂﬁ@@ﬂg}%&c@%%@gggé”%&ss'tgdskpegplcﬂ y usef ul
in the produchydsetregtingifdntitionslinsiudel ramevingdetdroatontsaiuchrag sulfut ard r ange of
about 121 -37 t est
procedure. &.gg%érgzg.gzgﬂg}n?ﬁ%g gh in;ggtr] :ﬁ:gﬁ%ﬁa 1%&085@%'}]&%8&6;%% of about
121 -371 C (Zﬁﬁmﬁﬁﬁﬂ Iltissparéariarly dexirable tbeembvéﬁuﬂil Y{(01] %onmtefmatabhly 85 vol %
of the cojpon ntshof tthet m ddl e di stlﬂ*ate have a g%rlmal §I Iclrncg( Oi nt of
greater than SHBGHYHstreating.spt ﬁeéﬁﬂa? Iciainprege {4, quiing & hydrqeray

vol % pr ef er addtyly@&bwhichtheyomighh eorstactp dmeasurefof ichexkingdineedicsi by at e have a
normal boilin oint of less than 371.C (70QF),. .The term. mddle.
Gostiiarer 2o Rodiropandnonn Basoreiny af Gedibiqusitng Spntiths, chbisshe 10
boi I'i ng r angenydré&rhtiang funtliendiaEinasNe agditibeto §atsé oball bf the rpadtidhsr ange i's

i nt ended to refer to a tenperature range of about 138-274C (280-525F) and
the term "di eRBPCHlRA Withhy ﬂ@‘éat'"ﬂscr'aﬁlf'gﬂmt't’ﬁs'r"@?'@} re(SH"Pﬂ/H}o!ﬁ?H%on boi | i ng
poi nt s ofzmbqyéugﬂtzéndWﬁngcp&&ﬁedJ&@E)andeﬁaebulaﬁe@rrang&héma is normally the
C5 to 204C (400F) endpoint fraction of avail abl e hydrocarbons. The boiling
15 point ranges of the various product fractions recovered in any
particular refinery will vary with suggtdiﬁ?tors as the characteristics of
the crude oil source, refinery |ocal markets, product prices, etc.

Ref erence is nade to ASTM standards D-975 and D 3699-83 for further details
on kerosene afgrdirestitly datey st vapet aieecﬁesig?{édseuc@mbvﬁ@deéteﬁdammzam Heavy

fraction%(or bott qns fractlo 18 ipcludes re )éA roducts botling in the
t ube oi l %ng%‘turah?fé&i\?é?'é%“f' ypicg ‘F‘?rﬂg"srea%s rESRFBINE S RREM unr eact ed

oi . 25 The happyrtéd 8at ptloddreftclnabideoniahed dlimmac@ngpar ati on zone 20

to yield at |east a second fuel product 22, one or nore |ube products) 24

and a heavy fhyseetrestinggatatysts ‘é‘é'é‘gﬂ@ hydeagepativnueampensns suppates 9%, a ni ddl e

distillate orgfhisfselcomprising silica, alumina, magnesia, titania or combinations

thereof. Typically such hydrotreating catalysts are presulfided.

30 Hydrocracking catalysts useful for the first reaction zone are also well known.
In general, the hydrocracking catalyst comprises a cracking component and a
hydrogenation component on an oxide support material or binder. The
cracking component may include an amorphous cracking component and/or a

zeolite, such as a Y-type zeolite, an ultrastable Y-type zeolite, or a



stream 30 First lubricating oil product Lube products) 24 generally has a
boi I i ng poi nt above about 550F(288C) or about 600F (316 C) or about 650F
(343 C); and bel ow about 1050F -10 (566 C), depending on the specific
requi renents of the process. Wiile only a single | ube product is indicated,
two or nore |ube streans may be produced in the second separation zone 20,
each havi ng a \eatmsinhtedzeblitel @dsditablezamorpbeus @agidngtompsenettli® vi scositi es,
froma viscosity of 2 cSt or |ower (neasured at 5 100C) to a bright stock
having a vi scosie: @808 re at 100C, between 20 and 60 cSt. The viscosity

i ndex of each tube products) 24 will generally greater than 90 or greater

t han 95, and be up to,.130 or T be st ch may be
recovered thr(r;ﬁlé}?'?ydﬁ‘ggeﬂ@t'??\ﬁ?'ﬂﬁ%" PF{% aﬁ’(ﬁ%rpé‘ft'c v ShGC dlfmt'!ﬂs&os. ty
between 2 cgt %Mnéneﬁhowat&pwvw@mwoaiydrwbn&w a6tivity 1 MR e a6t 66O Fictal

between 5 ¢St and 8 cSt, a heavy neutral havi g a 100C vi scosMy bet ween 8

cSt and 20 cSt Cgﬁwoﬁeﬁﬁe&?ﬁte%ff@@ﬁh%@?wvﬁl (! Walatian)elempents@ga/opocst and
60 cSt. Bott omgfgragd @H)uﬁ (G NBBR] BErishR, 78 danky hakaSoRip 1 oduct

28 or for 15 passing rocrac zone 36 through stream 3
Lubri cating oi |elqmer¢tamcl mromlmmwdeﬁumnd t@mgatem @feupi\/élhplemmﬁe and

have o hi oher, MASSARHY cobBRMUPTABAG Rid ! S8 kn? artBHEHA M t e

vi scosity and the viscdsl gener e sahe range
for |ubricd0i ngandunlatmuadume aruourzt(s)leyuwrogemt@n dﬁemmemés)nnﬂmmatelysfal I of

the bot tom fragy g, 26 Je3,AASReR ¥54 BLESATOH bl Gdbiflof Bk NPmEese 34

contai ned i n sécon SOr e conve into portion
of lubricating oorﬁpopem«?s)candmbnmabonal%td)a)mm%%idb)aweigbboﬁ Geduprd methl 25

stream 30 for conbi nat| dro cker, fee m. 32 f.o ge to
hydr ocr acki ng Z8A¥°34 "t( QJ@ 2@93&“:‘%58 Q%d@)@rpﬁ rPW%lgﬁtc&i E

f eedstream 32 icat tvaﬁ‘ére%d\pérhemagasibpweigﬁkmgomwrmé wa*gﬁtiwtrry esence of
hydrogen 38 _in h rocrack |l1r‘:l? zone 34 at conditions effective to %drocrack

t he hydr ocr1§cké7r"‘ st fetore aniiding + dhe bydrogeadiionremuonenisin thgcatalyst

be in the oxidic and/or the sulphidic form. If a combination of at least a Group
VI and a Group Vill metal component is present as (mixed) oxides, it will be
subjected to a sulfiding treatment prior to proper use in hydrocracking.
Suitably, the catalyst comprises one or more components of nickel and/or

20 cobalt and one or more components of molybdenum and/or tungsten or one
or more components of platinum and/or palladium. Catalysts containing
nickel and molybdenum, nickel and tungsten, platinum and/or palladium are

particularly preferred.

25  The hydrocracking catalyst particles and hydrotreating catalyst particles of this
invention may be prepared by blending, or co-mulling, active sources of
hydrogenation metals with a binder. Examples of suitable binders include
silica, alumina, clays, zirconia, titania, magnesia and silica-alumina.
Preference is given to the use of alumina as binder. Other components, such

30 as phosphorous, may be added as desired to tailor the catalyst particles for a
desired application. The blended components are then shaped, such as by
extrusion, dried and calcined to produce the finished catalyst particles.
Alternative, equally suitable methods of preparing the amorphous catalyst

particles include preparing oxide binder particles, such as by extrusion, drying

7.



-11 Preferred hydrocracking conditions are sufficient to crack a
substantial portion of the hydrocracker feedstreamto products boiling in a
t enperature range bel ow about 700F(371 C). Conversions of greater than
about 25% up to conversions of 90% and hi gher on a per pass basis are
contenplated. As 5 used herein, conversion is a neasure of the amount of
feed boilingaal@4Riring, SHIRMRIAASy d<PTBRING thE Bydrdderfdioh n&taB\Rrthedxider i ng
passage through the reaction Zone into products having a boiling point

bel ow t he refParisIRse usingpatheds ®ich gsdupregmation.of be ealalyst eaffieledt ure for the

present pr o¢ @afalind liHydfthehbtion eRRAGHE BRnGaARLL RS pridne
condi ti ons and hydrocracki ng catal ysts useful I n the second reaction zone
34 may be théoysgres asatalysdi fferent fromthose specified for the 15

hydr oprocgssing zone 6. Suitable reaction conditions include a reaction
tenperature between about 250C and about 500C (482-932F), pressures from
about 3.5 MPdhedydispmece24ing zhPa Nyl @10, peinber efpdsaibleced rate (vol unme

oi l I volune c . per r hr' . dr ogen
circulation r%éﬁ#é%ﬁ %t}og]%ggﬁ'grég)ﬂgﬁ ?Jn'reg 8%?%%89%" 3-" g@]?eaﬁe(%gt&trgégseé{_& aFM[er S

Hzl kg oi |l toinlgéiksshuit torhmunichidrkgitiotHe qtReBdd3sdls, The zvhamntyr cbnpridec f eet
per barrel). Preferred rfagkt)i(g{] te‘?rrgera,tures range fr?aT bo 6 340C to about
455C { 644- 85 PR Pr Moy £AANSHPed: SACH EYUpINDY PeLdrreLAalyR® 1P@m about 7.0
MPa to ahout hifrogRocésdifig zode R -cantitomy hydrowéhing etalpsteber red i nt egrat ed
system it hﬁs been found that preferred process _@g@pdl i ons_include
contacting a M@PP'@CE'G%CP@ém't%%WQ'W"W&&&B‘%W’QJn hYF{[BV%"E‘ﬂ"@Cki ng

condi tions cesRlystpariicias ahewﬁ@r@éraaaﬁ?batmssp&mgeé thatUblerdbd/inida

(2, 000-3000 psi), agas to oil ratio between about 379-909 std liters H2l kg
oi | (2, 500- 6PbYRIcA FiXtYE in 2 ginglpisotatist Bed HAltarmatvaly dhe hpdrotreatinghr | and a
tenperature | " ; ; ts The
cat al yst q Ear F ?tgfyggpérﬂatg ﬁggﬁ hg@%c%aa%@?%?@%gggﬁﬁgnaqﬁayee%&emsgg?r%lage:, or

di f f er end 5 f r layprst ofecatalyit pertiglslsi egchclaver i Suideommenieatianswithulif freserthe 5

hydr opr ocess i I re | f the
cat al yst par k@?g%%l%r?g? ﬁéah';g?egéﬁg%ﬁgge%ﬁvg{f r\?H}?ﬁ?egIF?Qrsm trhﬁﬁhghe sanme
gener al rangdiscassiamdsell bé cldae thay theoltydioprionessirgg zZineshayp eontainl €% n t he
hydr opr ocessj 6. ] h racki C st f u in the
hydr ocr acki ng&%ﬁg&gﬁ %aéﬁlg#ﬁjs?g Clegs' ?pg‘g"%ﬁﬁgbclé%c%&%}ﬁ%gt&?nﬁ%?é’?%B)énat ion
conponent . oncembib@tiarxoftbedwpport materi al or binder. The cracking conponent
may inclg@e an anor phous cracki ng conponent and/or a zeolite, such as a
Y-type zeoOlite, an ultrastable Y type zeolite, or a dealum nated zeolite. A
sui t abl e anmor phous cracki ng conp®ezBtion Sorsditionga- al um na.

The hydroprocessing zone 6 is operated in the instant invention at conditions
effective to remove the impurities contained in the liquid hydrocarbon

25 feedstock. Reaction conditions in the hydrotreating/hydrocracking zone 6 are
considered to be conventional for fuels hydrotreating and hydrocracking.
Suitable reaction conditions include a reaction temperature between about
250°C and about 500°C (482°-932°F), pressures from about 3.5 MPa to about
24.2 MPa (500-3,500 psi), and a feed rate (volume oil/volume catalyst per

30  hour) from about 0.1 to about 20 hr''. Hydrogen circulation rates are generally
in the range from about 350 std liters Ha/kg oil to 1780 std liters Ha/kg oil
(2,310-11,750 standard cubic feet per barrel). Preferred reaction
temperatures range from about 340°C to about 455°C (644°-851°F).



15 The hydrogenati on conponent of the catalyst particles is selected from
t hose ‘el enents known to provide catal ytic hydrogenation activity. At |east
one netal conponent selected fromthe Goup VIII (1UPAC Notation} elenents
and/or _ fromthe Goup VI (IUPAC Notation) elenents are generally chosen.
G oup V elenents include chrom um nolybdenum and tungsten. G oup VIII

el ements 20 ipyefdiR tbfa@fhacﬁ@:%#éssufésq&ﬁ{;e grémtéb%n't PO MPA esthbent 208 | adi um
nts

osm un) iridiumand platinum The anou of hydrogenation conponents) in

the catal yst MBa(h0PY-3Q00esix \With thsorrefarresbintegrated systamof bgs keeyht of Group
VITI netal c @,rp‘%id Bt Hitionki % Lght of Goup VI
nmet al conpong%'?d;?{%qggfcu a{){ggg%sg rrettg)ll?]gg?((?lé%és) p%%ﬁéoagyeggétlgﬂby wei ght of
total 25 cat degdstockonith bydrogependerhydgeesadingeangiitions icempssiad aon t he wei ght

f th tal AP . t A insth
gat al gstcansgyy%ésgl:tﬁé?’L%@%@:‘%ME%J?%?S?%&ZUI pﬂ@d‘?d(y)? orm jl’?%%%%i ngti on
of at |east aaft betwedh aodt 379009 ptditéns Hugadil 200000 sefdbblir e &RV as

(m xed) oxides, it wll jegted to a sulfidi t r eat t~prior to

proper use iﬁr%?h?%%%%&?ﬁ&?*-gd“aﬁﬂda%%?wﬂ r%g‘ttﬁgﬁ'?gec?ﬁ%lrai G one or

nore conponeryxy-gfiedh-cam-Fpnd/ or cobalt and one or nore conmponents of

nol ybdenum and/ or tungsten or one or nore conponents of platinum and/ or

pal | adium Catal ysts contai ni ng ni ckel and nol ybdenum ni ckel and tungsten,

pl ati numgndl or pal | adium are par,:ti# P§%%r5ﬁforpiéﬁéer red. -13 The

hydr ocracki ng catal yst particles I nv Ion may be prepared by

bl ending, or co-nulling, active sources of hydrogenation netals with a

bi nder. Examimgef10ontzamhg atioraanpliquid tristonss kédreredifiomna, cl ays,

se of al um HHOEPTERaBRacione 6 RER LISABUEIOST AU HEAGROSHAAVEES ey be

use of alum neQ ! may be

added as_desipdnborhitik Alreh diftéhibiba BRbbiifY Boinl Betdidehe 8stom

application. The bl ended conponents are then shaped, such as by extrusion,

dri ed andScalafispparation perrfuare generally dictaied by dacal (esuirg@mentscllegengt@t, er nat i ve,

equal ly suit ] r hcl es

i ncl ude pr epg*r?% %ﬁ??@g%ﬁé 23? gg’i‘% ||Hg||ug§§o%Bg@?ﬁé’gigﬁlgssﬂéj‘éﬁeﬁf%ﬁh drying

and _ca: ci ni ngones(naywbdwby fefgpueiingritydidgentandrlightgaassofer putifying the ]the oxi de

particles, u - e cles,

cont ai ni ng tﬁré@cﬁrfﬁ%@@@g%ﬁﬁ%ﬁ?é%(?&rea(?rggp%éégls?\gﬁfrﬁgaﬁ'ntdgwé dgﬁhé (I?al ci ned

prior to use rmsmallclijuid frattionlfor dikfiltatioe prathatprefierréd eenbddomertilbusicated zone 34

is preferably erated at conditjons to,substantially copvert drocracker

foehist r o2 i FFFRR sPbaceAl o kDT EtRa BAbEl aftaf PSS 1OPNS  hacsed

to third sepan@hydrop@esssidg zbnd isrsepaidtedintdie orimiclealistllativrstdllidas.e and

| i ghter prodﬁés frﬁm heavi er fractjons. Not shown |%. the Figure. are

separation zdnBEN 2MRIGNY RAIS3§UE SEPRTA AR S UDHRMRIERLTSRAT BIONS HHPSTaMINEM e di at e

between the gresuee s@RAhIiGHY Grancomingtith hAgbe lised FTREaEpdratich gy@tem42,

R A A RN

e uent str st age

di still atison sephfatioMizbhe 92, dPeritttat ABRNAFAIG afribRtit Peedsutd shd @Vadutns ovi ng

separation efficiency. A preferred third separation zone 42 includes an

gt [mfslphgr idc $epPaaben .Zo'vg_?n_g r}é@qf?tﬁﬂét@%‘@@h@tgrﬁﬁ%,saﬁﬁ@'%am require aI
etail ed des L ; a recycle

stream 44, Vm%F)LLﬁﬁfLSS?}leS ge‘%exglqﬁ?ﬁ(ﬁ%g’ﬁéel}dzﬁg% ?ﬂeré?)gnge“y?‘ %thi oﬁé, and an

30 overhead derdahistGepamiipngore Baisepaigtasa finst fuel prieduetinl 36 feom Ao off

oot ons . ADEABKEL] SRS bEad) F5ATHORL |6t BrLALPRY Aby I ATAE 00T or 21|

range geRér althan bre steard(s-g. Respltha/gasolewmtran, 2 jpidesestnesteatuad reacti on

_zgze 34 for ra‘?ecsreﬁgtlééé?lgan%?%bﬁiaglesc}iétﬁ@@ sﬂr%a'rrﬁ, Eé)ﬂgﬁ'dn‘n%don\’\fhybawcruﬁatr reaction

requirements of the refiner.



zone effluent 10 for separation in first separation zone 12. The preferred
contains substantially no material boiling in the lubricating oil range,
i.e. boiling above about 700F (371 C). 5 Third lubricatingi oil product If
desired, a portion of recycle stream 44 may be recovered as third

| ubricating oil product 48. Typically, the Iubricating oi I product

d i 8 will .b | ity ind
mterial . Thel0s SATEFROEsHRomEckly sepEEPohe biodicion ot RIS T, oo
to about 10 cﬁeudﬁ%%mhg%meraﬂ&&ofmttmeo wmsowomés\@et&ﬁuﬁ@

expected to be above 100, often above 115, and sonetines as high as 130 or

above. Thus, PwntherappmriaisASFMyiestrrocedure o Byra wmisdle dislilla¢afractp qvingr oduct
i's recover ed 480 nég%g&%%f%%w% 3768 é§56°' f@“Ff@%%érQ%%%?gegagﬁrCh IS

mai nt ai ned at con renovi ng contam nants froma eamto the
reacti on Zoneyol%ngrefenablyr&ickal g of the cbew@sentea:ﬁthe/mldd& digfillteahaveng t he

Vi Seosi ty. andhorE BEGY PinfatBalef Marbatlt y2RIORH6 @l R o1 o

range product gt [bagimbbhE?S VeI, prefabiyss vald, aﬂme cdmpbheﬁtrse)fm mifi®ver ed for
use as lubricating oil roducts are hydrocracked in second reaction zone

at condi t i onsdigtilfafeppee 469rnﬂﬁ'@9ﬁ@9@8‘ﬂﬁpbﬁs§tﬁﬂﬁ@rﬁ7§ Gﬂ?@@ G dbaterty fuels,
wi t hout the lighhRldidiakl isSh&Adas i AKiubg tsPgiebdi %flfde\"gﬁdl k&fos8Re Oi |

properties for products recovered fromthe second reaction zone. -15
CLAI MB: 110 Anboitingignge éactinnse ddwe Kesesenect jrtifue bieding poingirangenid | ubri cati ng

oi | products pr oduces
hi gh yi el ds S'He%%]ﬁ IA?&J 4tgh§’%;?%r%qvﬁ¥€ép%a%5 g.lgﬁlz?]‘ig/ﬁ exi §’9‘IS y for

sel ecting thearﬂﬁ&ertenh Meshllbbmpg opreget issintehded tdeféntb hydatcarindidilingr oduct s
recovered from.the _proce e steps of contacting a liquid
hydr ocar bon f%‘ﬂﬂ@t‘)&@& &H 1@3@@@ %Q%ﬂ g30gpe ?b“%&[t'&‘? g?s'imm#'“ the |
hydr opr 0cessi agoZANECHIDEF) ERIpR PR LPElab Rl yARicaRIEHSO tTHRAdilRG Of

hydr ocracki ng condi tions, IS operated
16  point ranges of the various product fractions recovered in any particular

refinery will vary with such factors as the characteristics of the crude ail
source, refinery local markets, product prices, etc. Reference is made to
ASTM standards D-975 and D-3699-83 for further details on kerosene and
diesel fuel properties.
20
Second Separation Zone

Heavy fraction (or bottoms fraction)18 includes reaction products boiling in the
lube oil range, unrecovered fuel boiling range components and unreacted oil.
25 The heavy fraction 18 is fractionated in second separation zone 20 to yield at
least a second fuel product 22, one or more lube product(s) 24 and a heavy
fraction 26. The second fuel product 22 is typically a middle distillate or diesel

stream.

30 First lubricating oil product

Lube product(s) 24 generally has a boiling point above about 550°F(288°C) or
about 600°F (316° C) or about 650°F (343° C); and below about 1050°F

-10-



conditions effective to renove inpurities contained in the feedstock, to
yireld a first effluent containing a normally liquid fraction; 15 b.
separating the normally liquid fraction fromthe first effluent by boiling
point range to yield at least a first lubricating oil product, a first fuel
product and a bottomfraction; c. contacting at |east a portion of the
bott om fract i @g66% C)) depeedianon #He spriciicysduirementdpiihe prosdss ngviierenipper at ed
at conditions _effec%i ve%;o hydrocrack the bottom fraction, to yield a
second ef f | uerngIIube gAuet 1S BCIEHEd BORTIMUEHNRRFIEAS BIGY inerRiodsen [ ange
to yield an oygs beashdHeb8ritbAREnd 20 8ath! HaviHgl £ABtosh) delkotel) frdrB aXMHE NY t he
recycle streamto the hydrocracki ng zone. 2. The process according to Claim
1 wherei n t he rangesef Rassiblsyiscasitism e anyjerosily ate &3t erjowsnineasutadyalr at ed in
an_at mosphgri o opeRAL bRt SRIR nbding & VNCREHE nddrd b flo-LUBbWRERSCt and a

heavy fraction. 3.” The process according aim erein the heavy
fraction is sapdBdes. Theyisgasitnindeepiaashildre prodects) 24wl generally j r st

| ubricating oi a t %‘at‘ej . h ess
according to gir%#%n H@POB r%?%lr ﬁ%rgt | eéét %’r(;lrjq foéﬁsoo?r 'ﬁﬂ%él;b?typ [)C%Ff raction
is recovered dsesteaomhichirayds iengvared tipougtutine 24incilide alight esutralccor di ng

to daim3 further ! nd 5f wel. prodyc . eSS
according to @Fgﬁﬁma?{@f@%sﬁ’eﬁeﬁ&%ﬂ% c:# ap ﬁes c(f‘y'fi’rés{rI el%h‘%? chf?l%aq%? pr oduct
i s combi ndd wiat 100° Qevidzosityoetivean 5ioSh ahd 8 aShd hedvyngeutiabhadang@a 80°C n t he
hyd~ocr acki ng zone, ,10 7. Th [ ss, accor di tq O aim rein the

7 Pot 1 ubr | cavirge Hetpamh ot pad AEES: 35T R bialthade hadidadelEnt ol v
The process agiebsliytetiveesRacSnahd 69 ¢8t. 7 wherein the first lubricating oil

product has a viscosity, neasured at 100C between about 2 15 ¢St and about
60 cSt, and a viscosity index of greater than 90. 9. The process according

to O ai m4 whgosbm ffdttion 2608 suitdbRy fof Bsé BY aQibricAting! B brddast 26 i BEOSI LY,
neasured at 100C between about 2 cSt_ and about 60 cSt%_an.d a_viscosity
i ndex of dPeaPassingimhysiiocragking zone 36 through stream 32. Lubricating oil product

28 will generally boil at a higher temperature, and have a higher viscosity,
than lubricating oil product 24. However, the viscosity and the viscosity index

will generally be in the same range as for lubricating oil product 24.

20 Hydrocracker Feedstream

Some or all of the bottom fraction 26 is passed via stream 32 to hydrocracking
zone 34 contained in second reactor vessel 36 for conversion into fuel. A
portion of lubricating oil product 24 may also be passed as lubricating oil

25 stream 30 for combination with hydrocracker feedstream 32 for passage to

hydrocracking zone 34.

HYDROCRACKING ZONE

30 Conversion

Hydrocracker feedstream 32 is contacted with a hydrocracking catalyst in the
presence of hydrogen 38 in hydrocracking zone 34 at conditions effective to

hydrocrack the hydrocracker feedstream 32 to form a second effluent 40.

141-



10. The process according to Caim1 wherein the overhead streamboils in a
tenperature range that is within or below the mddle distillate range.

11. The process according to Claim1 wherein the Iiquid hydrocarbon 25
feedstock is a vacuumgas oil. 12. The process according to Caim1l wherein
the |Iiquid hydrocarbon feedstock is a synthetic product froma Fischer

lTr OIOSSthO(r]I Oce%[)en%a waaochiir;ymmmna@f@émﬁﬂnttt@ dﬁdt(ﬂd aTsdangihEp@dﬁen ein L he
i qui ydrocgr bo eedstock is a wax froma Fischer Tropsc rocess, the
win havi ng. o B8 PYOHERHAT Terdsyeam Borodiet BulRd astsmperatiterdnaga . an

i ntegrated Prf&eabd@r7opPE@EE: 0F OBkVersibRS 6f gradter i Asut 2890 ter oduct s
froma single integrated hydrocracki ng system which conprises the steps

of : 5 a. cont®@EVemipns of PR andiyjahescdy HBRT RAsSIASEANCWPDIeMBIAPEgés over a
first catalysfsely @\ﬁ%ﬂ,y&fnggfs%Q§ 3 M8 RE Bf thehlind i BY fe8 tﬂﬂ@baatb%% gt either

hydrotreating or rocracking conditions, and I's operated at conditions

ef fective to retenence temparatureewhichiis eenvested duiing passagettbraughte yi el d a first
ef fl uent contali Qi ] e[l ' LS 10 fuel

ot oduct . havi et QieRzee IRp ERidkss Aflika bofifG pBRLoeBIhy ToBfiibe *ooint of the
| i qui d hydr odemperatiree dssuitakle rbferemedeatperajuretfer therpreseastt pragess is r om t he
hydroprocessi&gf@ﬂﬁo b8 an atnospheric separation zone to yield a first

fuel product &an eavy 15 fraction; c. separating the heavy fraction in a
vacuum sdfar ati on zone to yield a second fuel product, a first |ubricating

oi |l product and a bottomfracti ONg ZQ. d. cg.ggi ning at |l east a portion of
the first lubricating oil product n ! omfraction to yield a

hydr ocracker feedstream e. contacting the hydrocracker feedstreamw th a
second catal yst i.n a hydrogracki one erated .at conditions effective to
Pydr ocr ack t IEastOm SoRe CoRIeEs srdauReantra A LS USLLEhR SEF M ient ; 1
separating t heagioaote S4frhalehé tHeOsarmehsl opdifforent iemthsdd psvifiddortheecycl e
stream and 30 conbj ning the overhead streamwith the first effluent for

g.
separati dn i MYHIPrORESSIBBKEAR 8- separation zone. 15. The process according to
Claim 14 further conprising recycling the recycle streamto the

hydr ocr acki n% zone. ) L i
uitable reaction conditions include a reaction temperature between about

250°C and about 500°C (482°-932°F), pressures from about 3.5 MPa to about
24.2 MPa (500-3,500 psi), and a feed rate (volume oil/volume catalyst per

20  hour) from about 0.1 to about 20 hr'*. Hydrogen circulation rates are generally
in the range from about 350 std liters H,/kg oil to 1780 std liters H,/kg oil
(2,310-11,750 standard cubic feet per barrel). Preferred reaction
temperatures range from about 340°C to about 455°C (644°-851°F.).
Preferred total reaction pressures range from about 7.0 MPa to about

25 20.7 MPa (1,000-3,000 psi). With the preferred integrated system, it has been
found that preferred process conditions include contacting a petroleum
feedstock with hydrogen under hydrocracking conditions comprising a
pressure of about 13.8 MPa to about 20.7 MPa (2,000-3000 psi), a gas to oil
ratio between about 379-909 std liters Hy/kg oit (2,500-6,000 scf/bbl), a LHSV

30 of between about 0.5-1.5 hr', and a temperature in the range of 360°C. to
427°C (680°-800°F).
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-18 16. The process according to Caim 14 further conprising recovering
at least a portion of the bottomfraction as a second |ubricating oil
product. 17. The process according to Caim 14 further conprising
recovering at least a 5 portion of the recycle streamas a third

| ubricating oil product. 18. The process according to Caim 14 wherein the
first lubricating oil product has a vCataigté y, neasured at 100C, between
about 2 cSt and about 60 cSt, and a viscosity index of greater than 90. 10
19. The process according to claim 16 wherein the second |ubricating oil
product has aThesatatyst particieasn thechyalroctiéking bate®magibeuthe 3amBtasand about 60

cSt, and a vi Si i ngdex, o reater thap 90. 15 2 h rocess according
Co el aim 17" wALRE o 108 pdiofaBRS SePHG BRTRF Gagtl PRI vi scoai ty)
measured a§ 1@0drop hﬁbw@@z@met It3s 6Xpectdts] halevér, iHat plperdiofahyi scosi ty

i ndex above about 100.
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197:e:]; oxide support material or binder. The cracklng component may include an
<= U:::E>I '>|_'> '>'> A
;] ca] ca] caj cafca] %%ﬁo‘%ﬁ (é]‘ clé’f%% fasjuf@%% T%ﬁ%ﬁ%ﬁf‘ % Poh ?]E(I:E
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cg] ca] ca]&qa_tca] C@I c\%cal ca}&ca! ﬁa] ca' cal ca] ca] ca] ca] ca] ca] cha] ca] ca] ca] ca!
Z(ZR[[\~ytoje [V]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c’\a] ca]ca]calc
na \ Xak d=
TS ekil bodthme] SO ABPESARN SoUPEPe) & 4% S Blye aieks igoddeatbat batea caf ca)
ca] ca] c”a] ca] elatrralscirontl teareads adta .@ﬁ] eRation] foBl ity aAﬂééétQﬁ%n{\@tﬁﬂDr dsl st

t+tJtt 8 Hvvv~
L] cal cal oa) coyERMI SHPLATdRTE ARG TR bHEACNPRRPRLFekpe C%iq‘?é‘r]af Cal kezol

{{ 1111 }F} }ﬂrﬂ)r}i the Group VI IUPAC Notation) elements are generally chosen. Group
~QFnHI{GEM xsnid_Z]]]]]ca] ca]ca] ca] cal] ca] ca] ca] ca] ca]ca] cabca] ca] ca] ca] ca]

ca] ca] ca] ca] C%JFE‘&]‘E%]‘%'H]’%Q f@&]“@‘&] pelybderul @ap dun Rlgmentgsni d_z] ]
11] ca] ca] 5] cabriad %Lcadb%ﬁ ﬁéﬁ&%ﬂ%ﬁﬁ«& Qﬁ])&é}incﬁlaﬁéﬁuﬁﬁ ] ca] ca] ca]

ca] ca] ca] ca] ca] cal ca] CalJ l sGIrond R’+Z] F'txsnid_Z] ] a ca] c calca]calc
a] ca] ca] ca] cadehplatipwg] dap @a]qya}(é)aqfdyp&qe@a l@awap@@qr& tefhe#gptadyséa) caj ca) ¢
X6 @og 100 (5P OdG o giopd 5k bt SML e GRESRG I Qy Y- @
10% (& ()-  saangonent(s) and from about 5% to about 25% by welght of Group VI metal
component(s), calculated as metal oxide(s) per 100 parts by weight of total
25 catalyst, where the percentages by weight are based on the weight of the
catalyst before sulfiding. The hydrogenation components in the catalyst may
be in the oxidic and/or the sulphidic form. If a combination of at least a Group
VI and a Group VIll metal component is present as (mixed) oxides, it will be
subjected to a sulfiding treatment prior to proper use in hydrocracking.
30  Suitably, the catalyst comprises one or more components of nickel and/or
cobalt and one or more components of molybdenum and/or tungsten or one
or more components of platinum and/or palladium. Catalysts containing
nickel and molybdenum, nickel and tungsten, platinum and/or palladium are
particularly preferred.
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10940 O & () - tailor the catalyst partlcles for a desired application. The blended components

are then shaped, such as by extrusion, dried and calcined to produce the

finished catalyst particles. Alternative, equally suitable methods of preparing

the amorphous catalyst particles include preparing oxide binder particles,

10  such as by extrusion, drying and calcining, followed by depositing the

hydrogenation metals on the oxide particles, using methods such as

impregnation. The catalyst particles, containing the hydrogenation metals,

are then further dried and calcined prior to use as a catalyst.

15 Third Separation Zone

Hydrocracking zone 34 is preferably operated at conditions to substantially

convert hydrocracker feedstream 32 to fuel products. Second reaction zone

effluent 40 is passed to third separation zone 42 for removing the middle

20 distillate and lighter products from heavier fractions. Not shown in the Figure

are separation zones, including flash zones and separation zones,

intermediate between the second reaction zone 34 and the third separation

zone 42, intended primarily for separating hydrogen and other light gases

from the effluent stream. Separation zone 42 may be a single or multiple

25 stage distillation unit, with or without added stripping fluid for improving

separation efficiency. A preferred third separation zone 42 includes an

atmospheric stripper. Such strippers are well known, and do nor require a

detailed description. Third separation zone 42 desirably produces a recycle

stream 44, which boils generally higher than fuel range fractions, and an

30 overhead stream 46, having a boiling point in the range of fuel fractions. An

example recycle stream boils in a temperature range generally above
700°F(371°C), and an example overhead stream boils in a temperature range

generally below 700°F. Recycle stream 44 is passed to second reaction

zone 34 for recracking. Overhead stream 46 is combined with first reaction
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sometimes as high as 130 or above.

Thus, in the present process, at least one lubricating oil product is recovered
15  from the effluent from a first reaction zone, which is maintained at conditions
for removing contaminants from a feedstream to the reaction zone, and for
cracking the feedstream, while maintaining the flexibility for producing a
lubricating oil product(s) at any desired viscosity and viscosity index over a
wide range of possible values. Liquid range products from the first reaction
20 zone which are not recovered for use as lubricating oil products are
hydrocracked in a second reaction zone at conditions suitable for producing
high amounts of high quality fuels, without the limitation of also achieving
specified lubricating oil properties for products recovered from the second

reaction zone.
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10% & () - z) nunno) ogdmdEting=a liquid hydrocarbon feedstock with hydrogen over a first

10 catalyst in a hydroprocessing zone which may be operated at either
hydrotreating or hydrocracking conditions, which is operated at
conditions effective to remove impurities contained in the feedstock, to
yield a first effluent containing a normally liquid fraction;

15 b. separating the normally liquid fraction from the first effluent by boiling
point range to vield at least a first lubricating oil product, a first fuel

product and a bottom fraction;

c. contacting at least a portion of the bottom fraction with a second
20 catalyst in a hydrocracking zone operated at conditions effective to
hydrocrack the bottom fraction, to yield a second effluent;

d. separating the second effluent by boiling point range to yield an
overhead stream and a recycle stream; and

25
e. recycling the recycle stream to the hydrocracking zone.
2. The process according to Claim 1 wherein the first effluent from the
hydroprocessing zone is separated in an atmospheric separation zone to
30 produce the first fuel product and a heavy fraction.

3. The process according to Claim 2 wherein the heavy fraction is separated
in a vacuum separation zone to yield the first lubricating oil product and

the bottom fraction.
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6. The process according to claim 1 or 3 wherein some of the first lubricating oil
product is combined with the bottom fraction for contacting the catalyst in

the hydrocracking zone.

10 7. The process according to Claim 1 wherein the first lubricating oil product is

derived from the first effluent only.

8. The process according to clam 1, 3 or 7 wherein the first
lubricating oil product has a viscosity, measured at 100°C between about 2
15 ¢St and about 60 ¢St, and a viscosity index of greater than 90.

9. The process according to Claim 4 wherein the second lubricating oil
product has a viscosity, measured at 100°C between about 2 ¢St and
about 60 ¢St, and a viscosity index of greater than 90.

20
10.The process according to Claim 1 wherein the overhead stream boils in a
temperature range that is within or below the middle distillate range.
11.The process according to Claim 1 wherein the liquid hydrocarbon
25 feedstock is a vacuum gas oil.

12.The process according to Claim 1 wherein the liquid hydrocarbon
feedstock is a synthetic product from a Fischer Tropsch process.

30 13.The process according to claim 1 or 12 wherein the liquid hydrocarbon
feedstock is a wax from a Fischer Tropsch process, the wax having a

boiling point of greater than about 650°F.
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of:

contacting a liquid hydrocarbon feedstock with hydrogen over a first
catalyst in a hydroprocessing zone, which may be operated at either
hydrotreating or hydrocracking conditions, and is operated at
conditions effective to remove impurities contained in the feedstock, to
yield a first effluent containing a normally liquid fraction, comprising a
fuel product having a normal boiling point below the normal boiling

point of the liquid hydrocarbon feedstock;

separating the first effluent from the hydroprocessing zone in an
atmospheric separation zone to yield a first fuel product and a heavy

fraction;

separating the heavy fraction in a vacuum separation zone to yield a
second fuel product, a first lubricating oil product and a bottom fraction;

combining at least a portion of the first lubricating oil product with the

bottom fraction to yield a hydrocracker feedstream;

contacting the hydrocracker feedstream with a second catalyst in a
hydrocracking zone operated at conditions effective to hydrocrack the
hydrocracker feedstream to yield a second effluent;

separating the second effluent to yield an overhead stream and a

recycle stream; and

combining the overhead stream with the first effluent for separation in

the atmospheric separation zone.

15. The process according to Claim 14 further comprising recycling the recycle

stream to the hydrocracking zone.
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18. The process according to Claim 14 wherein the first lubricating oil product
has a viscosity, measured at 100°C, between about 2 ¢St and about 60
cSt, and a viscosity index of greater than 90.
10
19.The process according to claim 16 wherein the second lubricating oil
product has a viscosity, measured at 100°C, between about 2 ¢St and

about 60 cSt, and a viscosity index of greater than 90.

15  20.The process according to claim 17 wherein the third lubricating oil product -
has a viscosity, measured at 100°C, between about 2 ¢St and about 10
cSt, and a viscosity index above about 100.
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